San Antonio Technology

In Education Coalition

Linear Functions

and Relations
Exploring Linear Functions

and Relationships using

Image Analysis (Scion Image)

and Spreadsheet Programs

(Graphical Analysis)
Filler Up:

[image: image12.wmf] 


Building a Model

This lesson was developed under a grant funded by the United States Department of Education, Office of Education Research and Improvement.
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A.
Student Performance Objectives - TEKS Correlation


(A.1) Foundations for functions. The student understands that a function 
   

represents a dependence of one quantity on another and can be
                    described in a variety of ways.
(B) The student gathers and records data and uses data sets to 
determine functional relationships between quantities.


(C) The student describes functional relationships for given problem 


situations and writes equations or inequalities to answer questions 


arising from the situations.
(D) The student represents relationships among quantities using concrete models, tables, graphs, diagrams, verbal descriptions, equations and inequalities.



(E) The student interprets and makes decisions, predictions, and 


critical judgments from functional relationships.
(A.2) Foundations for functions. The student uses the properties and 
          attributes of functions.



(C) The student interprets situations in terms of given graphs or 
 

creates situations that fit given graphs.



(D) The student collects and organizes data, makes and interprets 


scatter plots (including recognizing positive, negative, or no 



correlation for data approximating linear situations), and models, 


predicts and makes decisions and critical judgments in problem 



situations.

(A.3) Foundations for functions.  The student understands how algebra can be used to express generalizations and recognizes and uses the power of symbols to represent situations.


(B) The student looks for patterns and represents generalizations 


algebraically.
(A.5) Linear functions.  The student understands that linear functions can  
         be represented in different ways and translates among their various 
         representations.


(C) The student uses, translates and makes connections among algebraic, tabular, graphical, or verbal descriptions of linear functions.
(A.6) Linear functions. The student understands the meaning of the slope and intercepts of the graphs of linear functions and zeros of linear functions and interprets and describes the effects of changes in parameters of linear functions in real-world and mathematical situations.


(A) The student develops the concept of slope as rate of change and 


determines slopes from graphs, tables, and algebraic representations.
B.
Critical Mathematics Explored in This Activity


The principal topic of this activity is exploring the linear relationship that occurs in the constant flow rate of water in a cylinder, and then to model that behavior through tables, graphs, and functions.  The students will then make predictions based on their tables, graphs, and functions.
C.
How Students Will Encounter the Concepts


The students will use Scion Image and Graphical Analysis software to examine the flow rate of water in a right cylinder.  They will use the tools of the software to build a table of values, then interpret these values graphically and algebraically.

D.  
Connections/Prerequisites

 Students will be introduced to the concept of "slope" as a rate of change (they should already have been introduced to "slope" at this point).  The teacher is responsible for stressing that a "slope" IS just a rate of change.  The students will be given a very clear picture of what a rate of change looks like, they just need to get used to hearing that slope and rate of change are the same thing.
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Setting Up


Teacher Procedures (before class begins):

1.
Make sure both the Scion Image and Graphical Analysis programs are on every computer.

2.
Make sure the files folder named “Filler Up” is in the IMAGE FOLDER  of every computer.

3.   Students should have access to a straight edge and calculators.

4.
Students are to work in groups and share their time on the computer and their various tasks.  So that one student doesn't do all the computer work, the teacher may want the student at the keyboard to trade with another group member after about 15 minutes.
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Objective:
The student will be able to collect and represent data in a table, on a graph, and as a function.  From the data, the graph, and the function, the student will then estimate values within the data range and outside the data range.

Vocabulary includes:

volume of cylinder, diameter, radius, rate of change, average value, independent and dependent values, correlation, line of best fit, function
Teacher Supplementary Comments:
Part I:
The teacher may need to re-teach how to calculate the volume of a cylinder by giving the students the formula.  

Part II:
Rate of change is discussed here.  It is presumed that the students have had some exposure to rate of change when they learned about direct variation.  Some review might be helpful in this area.

Part III:
Accuracy and consistency is the key here.  Students may be encouraged to make their measurements from the same point of reference as they move from slide to slide.   The table is provided for the students to record their data.  The columns for rate of change are purposely off centered to illustrate the “interval” notion of change.  In #20, the words  “average value for the rate of change...”  is intentionally used so as not to be confused with average rate of change.


Students are asked to make comparisons (#21, 22, 30, and 38) and they may not be accustomed to doing this.  Some help from the teacher may be in order.

Part IV:
It is presumed that the students already had some experience working with Graphical Analysis and Scion Imaging.  The instructions are less explicit as to how to make changes and input data using Graphical Analysis.  The teacher may need to remind students how to do these activities (See SATEC Appendix for help).  


The use of the automatic curve fit feature of Graphical Analysis is used at the end of the exercise to create a line of best fit and an equation.  If this will be the first time the students are exposed to a generated equation of a line, the teacher may need to facilitate the students’ learning.

Follow ups: 

A class discussion of the results of each group could follow this project.  An extension is provided which would have the students “recreate” this experience in a different context:  Modeling a student running at a constant speed over a given distance.
1.
The time of the stop watch, the height of the water, the diameter of the cylinder, the height of the cylinder, and possibly the volume of the water.  Extraneous answers such as the length of the tube, the height or length of the stop watch should be pointed out as being insignificant.


Answers will vary slightly from these depending on measurement accuracy.


a:  10.43 inches
b:  3.34 inches




c:  6.07 inches



2.
Here the students are to describe that the liquid increased due from 3.41 in. to a level of 6.07 inches over a period of 9.9 seconds.  The volume also increased from 29.87 in3 to 53.18 in3 in that time period.  The three values that changed are the height of the liquid, the volume of the liquid, and the time.  The radius, height and volume of the cylinder did not change.

3.
0.27 in/sec



4.
4.57 in



Note:  The students need to take into account the initial amount of liquid in the cylinder.

5.
The chart to the right provides some sample data.  The answers will vary depending on the students accuracy and consistency.

6.

Average rate of change of height:    .29 in/sec

7.
The .29 in/sec would seem to be a more accurate value than .27 in/sec because it is an average of the intervals and would take into account different rates of change over the entire 9.9 second time frame.

8.
The values should appear to be close with regard to height.

9.
Independent:  Time

Dependent:  Height
10.  
This is a positive (linear) correlation.

11.
Answers will vary:  (ie. 4.39)

12.
Here we are looking for a more in depth comparison and reasonableness of answer--maybe the student might want to average values for comparison.

13.
f(x) = .288x + 3.12  (The student must substitute the computer generated values for A and B into the function)

14.
4.36   :   f(4.3) = 3.12 + .288(4.3)

15.
10.43 = 3.12 + .288x  :  25.38 seconds

16.
a,b, and c are previous results.

17.
Discussions will vary.

18.
x:
Time in seconds


y:
Height of the water after x seconds


m:
The rate of change of the height in inches/second


b:
Initial height of water in inches.
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Extensions


How Fast Can You Run a 100 yard Dash?

1.
This project involves setting up a short (ie. 20 yards) running path with a well defined beginning and end point.  

2.
A student will enter the path running and continue past the end point while being video taped.

3.
The tape will then be converted to 0.5 second frame images by the teacher and stored in a file.

4.
The students, as a group, will follow the basic steps of the Filler Up project to analyze their motion.  This means that they will have to develop their own questions, tables, and graphs similar to Filler Up questions, but tailored to this motion project.

5.
Each group will present in some form (ie. multimedia presentation, video, class presentation, oral report, or a written report), to the teacher, the following:

a.
A table of distance vs. time.

b.
A graph of distance vs. time (with a student drawn best fit line).

c.
A function which models distance vs. time.

d.
A final report is to be developed by the group which summarizes this project, with emphasis on how running speed is reflected in the table, in the graph, and in the function.  Included in this report would be an example of how the students would make a prediction for interpolation and extrapolation of data.  Specifically, them must answer the question:  “How fast can you run the 100 yard dash?”
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Student Activity
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Part I

1.
Looking at the picture, make a list of measurable quantities that are present in the image.
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a.
The height of the cylinder: 




b.
The height of the water: 
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c. The height of the water: 




Part II

2.
Write a brief description of how the image in frame “(01/99)” compares to the image in frame “(99/99)”.  Be sure to indicate which values changed and which values remained the same.


3.
Calculate the Rate of Change of the height of the water.  Label the units:
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4.
Using your understanding of rate of change, and your calculations in #3, estimate the height of the water after 4.3 seconds:  





Part III

In Part II we found the rate of change of the height of the water.  However, you only had the first and last images available to determine these rates.  In this part, you will be examining the rates on smaller intervals (1 second intervals) and make some comparisons to your results in Part II.   You will also be using a program called Graphical Analysis to examine your results graphically and algebraically.

5.
Calculate the rate of change of the height for each time interval and record your results in the chart.

After you have completed your measurements and calculations select File, Quit.  When the warning window appears, click Continue.  Do not save any changes.

	Difference in Height
	Difference in Time
	Rate of change 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


6.  
Calculate the average of the rate of change in height using the values in the “Rate of Change” column.  Label your ratio with units.


Average of Rate of Change: 








7.
Using the average rate of change found in #6, calculate the height of the water after 4.3 seconds:  




8.
How do these values compare with what you found in #4?  Which set of calculations, do you think, is more accurate and why?

Part IV: Analyzing Data




9.
Independent:  



Dependent:  







10.
Describe the correlation of the data: 









11. Using your graph, estimate the height of the water after 4.3 seconds: ____


12. Compare this result to the ones obtained in  #4 and #7.  Explain the differences.  


























13.
Write down your function here: 










Print this graph.

14.
Use the function to calculate the height of the water at 4.3 seconds. 

         Be sure to show all your work.
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15.
Use the function to estimate the time it will take to fill up the cylinder.

         Be sure to show all your work.
16.
Take a moment to compare the results of the three ways you determined the height at 4.3 seconds.


a.
The average rate of change: 









b.
From the graph of the line of best fit: 







c.
Graphical Analysis Function: 








17.
Discuss within your group which value is the most representative of the actual height and compare your results with the other groups.  Write a summary of your discussions.

18.
The computer gives two values in the function:  y = M * x  + B.   What is the meaning of the values for:


x: 











 



y:  















M:  















B:  




















Launch the program called Scion Image.


From the File menu, Open the file named Filler Up.  Your teacher will tell you where it is located.


Use the < key to scroll to frame (1/99).  You will find this number in the bar above the picture.


SETTING UP THE SCALE


You will need to set the scale of the measuring tool for this image.  To do this, click on the measuring tool � and draw a 6-inch line across the ruler. 


Under the Analyze menu, select Set Scale....   First select and set the units (inches), then type in the Known Distance:  6, then press OK.














96

















Scroll to frame“(99/99)”. 


Again, using the measuring tool          and your calculator, find:








Click the Analyze menu, and select Show Results. Move the results window off to the side.


Click Analyze, select Options, and choose Perimeter/Length only.





Now using the measuring tool         find the following:
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66





5





56





4





46





3





36





2





26





1





16





0





6





Height (in.)





Time (sec.)





Frame #





Scroll back to frame “(6/99)” of the movie using the < key. 


Use the measuring tool, measure the height of the water every 10 frames starting at frame 6, then calculate the differences in the height and the time and record them in the table below.





The Rate of Change in this situation is the ratio of the change in the height of the water to the change in time.





� EMBED Equation.DSMT4  ���


Rates of change for this experiment are reported in                       unit of length per unit of time. 


For this experiment, the movie is 9.8 seconds long.
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You will now be using Graphical Analysis to analyze your data.  First you will compare the height versus time.  Before we launch into the software, you must determine which quantities are the independent and dependent variables:





Launch the program Graphical Analysis.


Change the labels and include the units in the table, then enter in the data points from your chart.





Under the File menu, choose Save As...  and save as “Group (your group name) height”.  Print the graph:  Click on the graph window, select File, and Print Selected Display…





On the printout of your graph, using a straightedge, draw in a “Line of Best Fit”. A line of best fit is a straight line that would pass through the “middle” of the data points.  It will not necessarily go through all the points.





The program Graphical Analysis can draw in a line of best fit.  Open your saved height file.  


Select from the Analyze menu Automatic Curve Fit.  Make sure Linear is chosen and click OK.  The computer will generate a line of best fit on your data points.  


Look at the bottom: a function was also generated to describe this line.
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